Objective: To evaluate the short-term effect of dietary counselling in patients with endogenous hypertriglyceridemia and evaluate the effects of advised nutrient changes. Design: A prospective dietary intervention study in patients with endogenous hypertriglyceridemia from January 1st 1988 to December 31st 1996 according to the Dutch guidelines for a healthy diet. Before and after the dietary intervention period of 12 weeks, 24 h food recalls were used to assess dietary intake and macronutrient composition. Effectiveness was evaluated by assessment of body weight, serum lipids, lipoproteins and insulin resistance parameters. Setting: Leiden outpatient Lipid Clinic. Subjects: Forty-®ve newly diagnosed, untreated patients with endogenous hypertriglyceridemia. Results: A signi®cant reduction in energy intake and body weight as well as changes in macronutrient composition were observed. Total serum triacylglycerol and cholesterol levels decreased by 31% and 15%, respectively. No effects were observed on serum glucose and insulin levels. Weight reduction was signi®cantly correlated with reduction of total plasma triacylglycerol levels and inversely correlated with changes in HDL cholesterol levels. Of all nutrients assessed, only reduction of alcohol intake correlated with improvement of total serum triacylglycerol. Conclusions: Short-term dietary counselling in patients with endogenous hypertriglyceridemia can effectively improve serum lipid and lipoprotein levels. With regard to the advised nutrient changes, weight loss and limitation of alcohol intake prove to be the best predictors of triacylglycerol reduction.
Introduction
Endogenous hypertriglyceridemia is a complex multifactorial lipid disorder characterised by increased plasma levels of very low density lipoprotein (VLDL) particles and by reduced concentrations of high-density lipoprotein cholesterol (HDL-C). There is increasing evidence that hypertriglyceridemia (HTG) is associated with an increased risk of coronary artery disease (Austin, 1991; Gaziano et al, 1997) . In a recent meta-analysis, Hokanson & Austin reported an odds ratio of 1.32 for men and 1.76 for women with HTG as compared to healthy populationbased control subjects (Hokanson & Austin, 1996) , suggesting that adequate triacylglycerol-lowering therapy would be mandatory in this patient group.
Although genetic factors predispose subjects to the development of HTG (Dammerman et al, 1993; Henderson et al, 1987; Minnich et al, 1995) , environmental factors are considered to play an important role in the expression of hypertriglyceridemia (Syvanne et al, 1996) . Obesity, insulin resistance, alcohol consumption and dietary habits are the principal exogenous factors involved (Bruce et al, 1994; Erkelens & Brunzell, 1980; Reaven et al, 1983) . It is generally accepted that reduction of energy intake and qualitative improvement of dietary habits have an important effect on patients with endogenous hypertriglyceridemia. Accordingly, dietary counselling and weight loss are the ®rst-line therapy in these patients (NIH Consensus Conference, 1993) . Several studies have demonstrated impressive improvements of the hypertriglyceridemia in response to dietary counselling (Dallongeville et al, 1994; Gotto, Jr. et al, 1977) . However, few data are available on the speci®c diet composition that should be recommended to these patients. It is not clear whether improvements in lipid levels are related to energy restriction or the changes in macronutrient composition that accompany dieting. This study was performed to evaluate the short-term effect of dietary counselling in patients with endogenous hypertriglyceridemia and to evaluate the effects of advised nutrient changes on serum lipid levels.
Methods

Subjects
Between January 1988 and December 1996, 45 unrelated patients with endogenous HTG were recruited from the outpatient Lipid Clinic of the Leiden University Medical Centre. The patient population consisted of 43 males and 2 females, with a mean age of 46 AE10 y. As expected, the patient group was mildly obese (mean BMI 28.2 AE3.2 kgam 2 ) and hypertension was common (33%). Fifteen HTG patients (33%) had a medical history of symptomatic cardiovascular disease. At ®rst presentation to the Lipid Clinic, 30 patients were non-smokers and 15 patients were smokers. The diagnosis of the lipoprotein disorder was based on the means of two fasting blood samples obtained at baseline with an interval of three weeks. The diagnostic criteria for endogenous hypertriglyceridemia were: total serum TG b 4.0 mmolaL, serum VLDL-C b 1.0 mmolaL, LDL-C`4.5 mmolaL and HDL-C`0.9 mmolaL. Additional exclusion criteria were the apolipoprotein E2E2 phenotype, secondary hyperlipidemia (renal, liver or thyroid disease, fasting glucose b 7.0 mmolaL, and alcohol consumption of more than 40 gad) and the use of lipid-lowering drugs. Informed consent was obtained from each patient and the protocol was approved by the institutional Medical Ethics Committee.
Study design
Subjects were selected from new, untreated patients with endogenous hypertriglyceridemia, referred to the outpatient Lipid Clinic of the Leiden University Medical Centre in the period between January 1st 1988 and December 31st 1996. Baseline blood samples were taken at two separate occasions before dietary counselling. At the ®rst visit they were interviewed by a registered dietician. The mean daily food intake was estimated by means of a dietary history. Energy and nutrient intake were calculated using the computerised version of the Netherlands food table. Subjects who already followed a healthy diet and did not need dietary advice were not included in this study. Thereafter an individual dietary advice according to`Guidelines for a Healthy Diet' from the Netherlands Nutrition Council was given (Netherlands Nutrition Council, 1986), as described before (Bloemberg et al, 1991) . These dietary guidelines are similar to the American Heart Association Step 1 diet (National Cholesterol Education Program, 1994) , with the exception that not less than 30% but 30±35% of total energy intake should be derived from fat. The diet was adapted to the dietary habits and lifestyle of the patient. The recommendations were: (1) 30±35% of total energy derived from total fat; (2) A maximum of saturated fat of 10% of total energy; (3) Cholesterol intake less than 300 mgad; (4) As compensation for the reduced intake of saturated fat, increase of complex carbohydrate consumption upto 55% of total energy was advised when patients were not overweight; (5) In case of obesity (body mass index b 26 kgam 2 ), an energy restriction of the typical daily energy intake by 500 kcal (2093 kJ) was advised and the patient was encouraged to increase physical activity; and (6) Alcohol use was discouraged. No speci®c recommendations were given for the intake of monounsaturated and polyunsaturated fat. Twelve weeks after start of the diet, a second dietary history was obtained from each patient by the same dietician and blood samples were collected from each patient at two separate time points. After this dietary intervention period, the effectiveness was evaluated and, if necessary, pharmacological therapy was instituted. Longterm ef®cacy of dietary counselling could not be evaluated as it was not considered to be ethical to withhold patients lipid-lowering drugs if indicated.
Analytical methods
Venous blood was collected from each patient after more than 12 h of fasting. Serum was obtained by low speed centrifugation within 4 h after collection. Three ml of fresh serum was ultracentrifuged for 15 h at 232000 g (75 000 rpm) at 15 g in a TL-100 tabletop Ultracentrifuge, using a TLA-100.3 ®xed angle rotor (Beckman, Palo Alto, CA, USA). The ultracentrifugate was carefully divided in a density (d)`1.006 (supranatant) and (d) 1.006±1.25 gaml (infranatant) fraction, designated as the VLDL and LDL-HDL fraction, respectively. The triacylglycerol and cholesterol concentrations were measured enzymatically using test kits (Boehringer, Mannheim, Germany). High density lipoprotein-cholesterol was measured in the LDL-HDL fraction after precipitation of apoB-containing particles with phosphotungstic acid and MgCl2. Serum total fatty acid composition was determined by gas chromatography on an Interscience 8160 gas chromatograph ®tted with a cold on-column injector and a CP-Sil88 fused silica capillary column (Chrompack, Bergen op Zoom, the Netherlands) after methylation of the fatty acids (Lepage & Roy, 1986) . Glucose was measured with a Hitachi 747 analyser, according to standard procedures (Boehringer, Mannheim, Germany). Insulin was measured with a conventional radioimmuno assay (Medgenix, Brussels, Belgium).
Statistical analysis
Results are presented as the mean AEs.d. Differences between the patient group before and after dietary counselling were evaluated pairwise using the Wilcoxon paired signed-ranks test. Correlation analysis was performed using the Pearson correlation analysis (analysis of triacylglycerol levels was performed on logarithmic transformed data). Findings were regarded to be statistically signi®cant when the probability of these data under the null hypothesis was less than 0.05. Statistical analyses were performed with SPSSaPC 2 software (SPSS Inc., Chicago, IL, USA).
Results
Changes in energy and nutrient intake
Twenty-eight HTG patients (62%) were advised to reduce the intake of total fat, and 37 patients (82%) were encouraged to limit the intake of saturated fats. Reduction of dietary cholesterol intake was advised in 10 cases (22%). Although dietary counselling was associated with weight loss in almost all patients, an explicit advice to reduce energy intake was given in 27 patients (60%). In most cases, multiple changes in dietary habits were advised.
The short-term effects of dietary counselling on dietary habits and body weight are shown in Table 1 . A modest reduction in body weight was observed. The reported total energy intake was reduced by 21%. The intake of discouraged nutrients such as saturated fats, cholesterol and alcohol was reduced. On the other hand, the absolute intake of carbohydrates and proteins remained unchanged. So, according to the dietary histories, the patients adhered to the dietary advice.
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To estimate the accuracy of the dietary histories and changes in dietary habits, the reported intake of different fatty acids was compared with the fatty acid composition in serum. As shown in Figure 1 , a signi®cant correlation was found between the reported ratio of polyunsaturated fatty acids to saturated fatty acids (PaS ratio) and serum PaS ratio (r 0X45Y P`0X001), both in the overweight (r 0X46Y P 0X001) and non-overweight patients (r 0X44Y P 0X009). A weak association was found between reduction of energy intake and weight reduction (r 0X32Y P 0X042). Subdivision of the population in overweight and non-overweight patients resulted in disappearance of signi®cant correlations in both groups.
Changes in serum lipids, lipoproteins, insulin and glucose levels Table 2 shows the corresponding effects of dietary intervention on serum lipids, lipoproteins and insulin resistance parameters. Impressive improvements were observed in serum lipids and lipoproteins. Total serum triacylglycerol decreased from 15.80±10.85 mmolaL (À31%, P 0X001). Also total serum cholesterol levels dropped from 8.99± 7.68 mmolaL (À15%, P 0X002), an effect predominantly caused by a decrease of VLDL cholesterol (À38%, P 0X006). Both LDL cholesterol and HDL cholesterol increased modestly, while the ratio of LDL cholesterol to HDL cholesterol (LDLaHDL ratio) did not change. No effects were observed on serum glucose and insulin levels. In accordance with the reported change in dietary fatty acid composition, the serum PaS ratio increased from 0.72±0.83 (P 0X021).
In order to determine whether speci®c nutrient changes are accompanied by changes in serum lipids and lipoproteins, correlation analyses were performed. Weight reduction correlated signi®cantly with reduction of total plasma triacylglycerol (r 0X35Y P 0X03), VLDL cholesterol (r 0X41Y P 0X021) and VLDL triacylglycerol (r 0X46Y P 0X009). In accordance, an inverse correlation between changes in body weight and HDL cholesterol levels (r À0X39Y P 0X031) was observed. Of all nutrients assessed, only reduction of alcohol intake correlated with improvement of total serum triacylglycerol levels (r 0X33Y P 0X041). These correlations could not be noted in the overweight and non-overweight subgroups.
Differences between overweight and non-overweight patients At baseline, there were some interesting differences between both groups. As shown in Table 3 , the overweight patients reported a higher energy intake than Figure 1 The correlation between the reported ratio of polyunsaturated fatty acids to saturated fatty acids (PaS ratio) and the PaS ratio in serum (r 0X45Y P`0X001) calculated from the pooled data of overweight (n 27, j solid line) and non-overweight (n 18, u dashed line) subjects.
Dietary counselling in hypertriglyceridemia FH de Man et al non-overweight patients (9408 vs 7792 kJ, respectively; P 0X035). The higher energy intake in the overweight group was mainly derived from carbohydrates (P 0X011), although there was a tendency to a higher intake of all macronutrients. After the dietary counselling period, these differences had disappeared and the patient groups were consuming comparable diets. Accordingly, the energy reduction in the overweight group was more pronounced than in the non-overweight group (P 0X032). In the overweight group, the absolute intake of all macronutrients was reduced. In the non-overweight group, however, the absolute intake of polyunsaturated fats and carbohydrates remained unchanged. No differences could be observed between the baseline metabolic variables of the overweight and non-overweight patients. The ef®cacy of the dietary intervention with regard to lipid levels appeared to be slightly better in the overweight group, however, none of the differences in ef®cacy between the overweight and non-overweight group reached statistical signi®cance. Plasma triacylglycerol levels in the overweight group decreased from 14.94± 8.86 mmolaL, whereas in the non-overweight group the corresponding levels decreased from 17.09±13.79 mmolaL. In accordance, both VLDL-cholesterol and VLDL-triglyceride levels tended to be reduced more effectively in the overweight group than in the non-overweight group. Total cholesterol, LDL-cholesterol and HDL-cholesterol levels showed comparable changes in the two groups.
Discussion
Dietary treatment is recommended as ®rst-line therapy in patients with hypertriglyceridemia. Although others have demonstrated that dietary counselling in hypertriglyceridemia can be effective (Dallongeville et al, 1994; Gotto, Jr. et al, 1977) , no data are available about the response to thè Dutch Guidelines for a Healthy Diet' in this patient group, nor about the effectiveness of speci®c nutrient changes. In this present study, 45 new, untreated patients with endogenous hypertriglyceridemia were included in a 12 week dietary intervention study. In contrast to previous studies, an attempt was made to evaluate the effects of changes in macronutrient composition on serum lipid and lipoprotein levels. A limitation of this study is the use of dietary histories. Other authors have reported a systematic underreporting of dietary intake (Black et al, 1996) , that appears to be dependent on the degree of obesity (Voss et al, 1998) . In this present study, however, a signi®cant correlation was observed between the reported dietary PaS ratio and the PaS ratio that was measured in serum. In addition, an * P`0X05; **P`0X01; *** P`0X001 as compared to the corresponding value in the overweight group before dietary counselling. # P`0X05; ## P`0X01; ### P`0X001 as compared to the corresponding value in the non-overweight group before dietary counselling.
Dietary counselling in hypertriglyceridemia FH de Man et al association was found between reduction of energy intake and weight reduction. These results suggest that the dietary history may provide an adequate indication of food intake. In response to the dietary counselling, we observed a signi®cant reduction in body weight, energy intake and improvement of macronutrient composition. In parallel, total serum triacylglycerol and total serum cholesterol levels were reduced by 31% and 15%, respectively, which is in general agreement with previous studies (Dallongeville et al, 1994; Gotto, Jr. et al, 1977) . In contrast to the marked changes in lipid levels, no effects were observed on serum insulin and glucose concentrations. We speculate that the observed changes in body weight are too modest to detect an improvement of insulin resistance. The observed effectiveness of the current dietary advice in hypertriglyceridemic patients was more pronounced compared with patients with hypercholesterolemia or combined hyperlipidemia that has been described previously (Bloemberg et al, 1991; Wijsman et al 1996) . This con®rms the concept that hypertriglyceridemia is the lipoprotein disorder most susceptible to dietary intervention. Interestingly, 3 y and eight months after completion of the dietary intervention study, body weight was still lower than at study entrance, suggesting that dietary habits were changed permanently.
Despite impressive improvements of the reported dietary macronutrient composition, only alcohol reduction appeared to correlate with reduction of serum triacylglycerol levels. It is known that alcohol can stress triacylglycerol metabolism by increasing VLDL production (Baraona & Lieber, 1979) . Our study con®rms the concept that alcohol intake should be limited in hypertriglyceridemic patients.
In this present study, no correlation could be noted between changes in lipid levels and the changes in dietary fatty acid composition. This is in general agreement with other studies (Mattson & Grundy, 1985) . Several reports suggest that both saturated and monounsaturated fatty acids do not affect serum triacylglycerol levels, whereas only high amounts of polyunsaturated fatty acids have been reported to reduce serum triacylglycerol in hypertriglyceridemic subjects (Grundy, 1975) . The amount of polyunsaturated fatty acids that is required to reduce serum triacylglycerol is dif®cult to achieve with regular dietary measures and arti®cial supplementation seems obligatory. However, an increased in vitro VLDL and LDL oxidizability have been reported in response to ®sh oil therapy, a phenomenon explained by an increased number of double bonds in the fatty acid chains (Hau et al, 1996) . Moreover, diets rich in polyunsaturated fats have been reported to increase glucose concentrations in diabetic patients (Vessby et al, 1992) . Long-term studies have to be performed to investigate whether the controversial effects of a polyunsaturated fat-rich diet may be outweighed by the overall protective effect through other mechanisms that favourably modify platelet function, in¯ammatory responses and the development of atherosclerosis in general (Knapp et al, 1986; Kromhout et al, 1985; Terano et al, 1986; von Schacky et al, 1985; Weiner et al, 1986) .
Although the primary stimulus for hepatic VLDL production is the availability of free fatty acids, it is well established that dietary cholesterol can stimulate VLDL production as well (Fungwe et al, 1992) . Limitation of cholesterol intake is a common dietary recommendation for hyperlipidemic patients, however, no data are available on the effect of dietary cholesterol in hypertriglyceridemic patients. In the present paper, no relation could be noted between reduction in cholesterol intake and lipid improvements.
In case of normal body weight, an isocaloric dietary advice seems suitable. There has been debate as to whether saturated fat should be replaced by carbohydrates or monounsaturated fat. So far, no comparative studies have been performed in patients with endogenous hypertriglyceridemia. Garg et al, 1998 performed a meta-analysis of nine studies comparing a high-carbohydrate diet with a highmonounsaturated-fat diet in type 2 diabetes. The highmonounsaturated-fat diet proved to be superior with regard to lipid levels and glycemic control. In accordance with this view, the American Diabetes Association recently recommended a more moderate intake of carbohydrates in hypertriglyceridemic patients with non-insulin dependent diabetes mellitus (American Diabetes Association, 1998). However, it has been suggested that the bene®cial effects of a high-monounsaturated-fat diet may not be related to the high monounsaturated fat quantity but to the reduction in carbohydrates, as the latter is the macronutrient of which the metabolism is primarily impaired in diabetes. In hypertriglyceridemia, not the metabolism of carbohydrates but the catabolism of fat is impaired. In the postprandial phase, the rise in triacylglycerol levels in hypertriglyceridemia is severe and prolonged as compared to control subjects (Weintraub et al, 1987) . Therefore, restriction of all types of fat seems to be a reasonable recommendation in hypertriglyceridemia. On the other hand, diets rich in carbohydrates have been reported to increase serum triacylglycerol levels both in normolipidemic and in hypertriglyceridemic subjects (Mancini et al, 1973; Quarfordt et al, 1970 ). An enhanced hepatic synthesis of VLDL triacylglycerol is thought to be the underlying mechanism (Quarfordt et al, 1970) . So, there is good evidence that both macronutrients can stress triacylglycerol metabolism. Our study adds some interesting data to this discussion, particularly the observation that a hypocaloric low-fat diet in normal-weight hypertriglyceridemic individuals is effective. One might therefore consider a more vigorous weight reduction beyond the target BMI of 26 kgam 2 instead of focusing on the discussion whether the calorie loss should be compensated with carbohydrates or monounsaturated fat.
Conclusions
Results of this present study con®rm that dietary therapy is associated with signi®cant improvements of serum lipid pro®les in patients with hypertriglyceridemia. However, only a minority of the patients achieved normal lipid levels after 12 weeks of dietary therapy. In most cases, institution of lipid-lowering medication was needed. Although single dietary intervention may be suf®cient to achieve normal lipid levels in patients with mildly elevated lipid levels who are highly motivated to adhere to strict dietary guidelines, dietary therapy should be maintained as adjuvant therapy to lipid-lowering medication in the majority of patients.
This study con®rms the current concept that energy restriction and weight loss are key issues in the dietary management of hypertriglyceridemia. Novel ®ndings are the observation that dietary intervention is also effective in non-overweight patients, and that alcohol limitation is effective in patients with endogenous hypertriglyceridemia Dietary counselling in hypertriglyceridemia FH de Man et al with a normal, social alcohol use (less than 40 gad). In conclusion, we have demonstrated that short-term dietary counselling in patients with endogenous hypertriglyceridemia can effectively improve serum lipid and lipoprotein levels. With regard to the advised nutrient changes, weight loss and limitation of alcohol intake prove to be the best predictors of triacylglycerol reduction.
